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IMPORTANCE OF THE AQUEOUS/LIPID PARTITION COEFFICIENT
FOR PERCUTANEOUS ABSORPTION OF WEAK ELECTROLYTES*
WILLIAM E. CLENDENNING, M.D.f AND RICHARD B. STOUGHTON, M.D.
The normal human epidermis presents a
formidable harrier to the passage of most sub-
stances applied to its surface. Abundant experi-
mental and clinical evidence has led to the con-
clusion that somewhere in the region of the
stratum granulosum in the upper epidermis there
exists a so-called "barrier zone" through which
only minute amounts of water and electrolytes
may pass under physiologic conditions (1). The
precise location and characteristics of this barrier
are uncertain.
This "barrier" also interferes with the passage
of weak electrolytes and of non-electrolytes.
However, for this large and diverse group of
substances the degree of interference is less uni-
form. It is well documented, for example, that
certain hormones such as the estrogens do pene-
trate to an extent sufficient to elicit a detectable
physiologic response as evidenced by enlargement
of the breasts (2). Originally it was postulated
that a high degree of liposolubility alone could
account for penetration by a few weak or non-
electrolytes (3). Soon, however, many exceptions
to this hypothesis were recorded and a second
theory evolved. This is to the effect that a rela-
tively good solubility in both water and lipid (i.e.
a water/lipid partition coefficient near 1) is
necessary for any appreciable penetration of the
barrier zone by a weak or non-electrolyte (4).
Technical difficulties have made this last con-
cept difficult to prove. One of the problems has
been the unavailability for study of series of
closely related weak or non-electrolytes which
differ primarily in respect to their water/lipid
partition coefficients. Two experiments with such
series have indicated that the partition coefficient
is of importance (5, 6). Recently we employed
derivatives of nieotinie acid in studying this
hypothesis. Our results, using degree of erythema
as an index of penetration, suggested that the
theory was essentially correct (7). We now wish
to report our findings for another group of closely
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related weak electrolytes utilizing a different
technic.
MATERIALS AND METHODS
In 1958, A. H. Soloway reported (8) on a series
of boronie acid derivatives correlating drug pene-
tration of brain with chemical structure. He found
that increased solubility in a lipid solvent
(benzene) was an important measure of the pene-
tration of the brain by these compounds. We
were fortunate in being able to obtain a supply
of eight of these substances from Dr. Soloway.
This allowed us to study their penetration of
normal human skin. Phenylboronie acid and
seven monosubstituted derivatives constitute
the series. Four have aqueous/benzene coefficients
between 1 and 6, while the other four show much
higher ratios, (greater than 54).
Normal human skin (for the most part from
the breast and leg) was obtained at surgery and
kept frozen until used. Sections of skin 3 em.2 were
prepared and placed in penetration chambers in
the manner and method described by Blank (9).
The compounds in the series were applied indi-
vidually in concentrations of 1 mg. dissolved in
.5 cc. of .1 M phosphate buffer (pH 7.4). The
sections were then incubated for an 18 hour
period at constant temperature (37° C.).
At the termination of the period of exposure
the surface of the epidermis was washed six times
with distilled water. The specimen of skin was
then removed from the chamber and the epider-
mis separated from the dermis by the heat
method (10). 50 mg. wet weight aliquots of
dermis were analyzed for boron content by a
standard eolorimetrie procedure employing
1, 1-dianthrimide as the reagent (11).
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RESULTS
The individual values and mean for ten deter-
minations on each of the eight compounds in the
series are given in Table I. The aqueous/benzene
partition coefficient is provided for correlation
(8). Although values found for each compound
on different specimens of skin may show rather
wide individual variation, the overall pattern is
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TABLE I
Boron concentrations in dermis
Compound Boron Conreotrations io Dermis (mcg./50 mg.) Mean
Partition
Benzene) (5)
1. m-carbamidophenylboronic acid
2. m-carboxyphenylboronic acid
3. p-carboxyphenylboronic acid
4. m-aminophenylboronic acid
5. p-methoxyphenylboronic acid
6. phenylboronic acid
7. p-chlorophenylboronic acid
8. p-tolylboronic acid
.06
.04
.46
.59
2.59
.74
1.15
2.56
.17 .17
.35 .02
.07 .20
.02 .78
.26 .61
1.50263
.651.93
1.11263
.11
0
.81
.56
1.26
1.24
.76
1.35
0
.17
.33
0
2.74
1.28
2.00
1.28
.17
0
.02
.51
.39
1.02
1.33
.50
.17 .13
.35 .26
0 .15
.13 .22
.67 .85
.81 .87
1391.61
.913.56
.04
0
.19
.02
.26
.76
1.54
1.41
0
0
.31
0
.43
.83
1.57
3.70
.10
.12
.25
.31
.99
1.17
1.39
1.90
>54
>60
>57
>62
5
6
1
2
TABLE II
Mean and percentage penetrations
derivatives
of boronic acid
Mean
Compounds Peoetration
(mcg./5O mg.)
1-4 (Coefficients >54->62) (8) .20
Percentage
Peoetration
.3%
5—8 (Coefficients 1—6) (8) 1.36 2.0%
be reached regarding the "ideal coefficient" for
penetration of the barrier.
It is also evident, from the calculation of per-
centage penetration, that passage through the
intact epidermis was poor even for the best com-
pounds of the series. A large amount of clinical
experience and research suggests that this con-
tention holds true for most substances (1, 4).
Those who deal with problems of the human
integument should be constantly aware of this
facet of cutaneous physiology. A seven-fold dif-
ference in ability to penetrate, as shown in this
series, could be highly significant therapeutically
in enhancing the effectiveness of topically applied
medicamcnts—assuming, of course, that pene-
tration is desired.
Soloway's finding (8) that normal mouse brain
has a barrier similar in one respect to that of the
human epidermis is intriguing. Perhaps penetra-
tion of other systems could be investigated with
this technic. It is interesting to speculate whether
they might have a similar characteristic as part
of their protective mechanism.
SUMMARY
Evidence is slowly accumulating to indicate
that a water/lipid partition coefficient near 1 is
of considerable importance for penetration of the
superficial epidermal barrier by weak and non-
electrolytes. This has been shown to be the case
for a series of closely related boronic acid deriva-
tives. Undoubtedly there are other modifying
factors of importance such as molecular size,
viscosity, hydration, temperature, and the
period of contact. We are investigating some of
these facets of the problem and will report on
them in the future.
readily apparent when the mean values are cor-
related with the partition coefficients. Statistical
analysis by the chi square technic shows an un-
questionably significant difference between the
average values obtained for those compounds
with partition coefficients between 1 and 6, and
those in which the coefficient is considerably
higher (greater than 54). This difference is sum-
marized in Table II which directly compares the
two groups. The percentage penetration is that
proportion of the applied compound which pene-
trates into the dermis. It is derived by knowing
the total weight of the dermis for each specimen
and assuming even penetration.
DISCUSSION
We can conclude from this study that a water,'
lipid partition coefficient near 1, when compared
with considerably higher coefficients, does corre-
late with better penetration through the epi-
dermis for this series of closely related weak
electrolytes. This supports the previous rather
meager studies of this problem by other workers
and ourselves (5, 6, 7). It would be highly de-
sirable, of course, to have a similar series of
compounds with coefficients below 1. This will
be necessary before any definitive conclusion can
ABSORPTION OF WEAK ELECTROLYTES 49
REFERENCES
1. ROTHMAN, S.: Physiology and Biochemistry
of the Skin, pp. 22—60., Chicago, Illinois,
University of Chicago Press, 1954.
2. MOORE, C. R., LAMAR, J. K. AND BECK, N.:Cutaneous absorption of sex hormones.
J.A.M.A., 111: 11, 1938.3. OvERTON, E.: Studien uber die Narkose.
Jena, C. Fischer, 1924.
4. ROTHMAN, S.: The mechanism of percutaneous
penetration and absorption. J. Soc. Cos-
metic Chemists, 6: 193, 1955.
5. Tsrmsws, J. E.: The permeability of skin
to some non-electrolytes. J. Physiol. (Lond),
133: 171, 1956.
6. VALETTE, C., CAvIER, R. AND SAvEL, J.:
Physical factors in cutaneous absorption
of organic liquids: Hydrocarbons, alcohols,
and esters. Arch. Pharmacodynamie, 97:
241, 1954.
7. Sa'ounwroic, R. B., CLENDENNING, W. E. AND
KEU5E, D.: Percutaneous absorption of
nicotinic acid and derivitives. J. Invest.
Derm., 35: 337, 1960.
8. SorowAv, A. H.: Correlation of drug pene-
tration of brain and chemical structure.
Science, 128: 1572, 1958.
9. BLANK, I. H., GRIE5EMEa, R. 1). AND COULD,E.: The penetration of an anticholin-
esterase agent (sarin) into skin. I. Rate of
penetration into excised human skin. J.
Invest. Derm., 29: 299, 1957.
10. BAUMBERGER, J. P., SUNTZEFF, V. AND
COWDEY, E. V.: Methods for the separation
of epidermis from dermis and some physio-
logic and chemical properties of isolated
epidermis. J. Nat. Cancer Inst., 2: 413, 1942.
11. Ews, C. R., ZooK, E. 0. AND BAUDI5H, 0.:
Colorimetric determination of boron using
1-1 dianthrimide. Anal. Chemistry, 21: 1345,
1949.
